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In previous studies, we showed that a number of aspects of the 
histopathology of irritant contact dermatitis are profoundly 
influenced by the chemical nature of the irritant applied. We 
report here that this phenomenon also extends to the infiltra-
tion of leukocytes into the epidermis. Healthy volunteers 
were patch tested with the following irritants and their ap-
propriate controls: benzalkonium chloride, sodium lauryl 
sulphate, croton oil, dithranol, nonanoic acid, and propylene 
glycol. After visually grading the intensity of the resulting 
inflammation, biopsies were removed and the major pheno-
typic classes of leukocytes identified immunocytochemi-
cally. Dermal and epidermal cell densities were determined, 
and the expression of several activation/proliferation anti-
gens studied. We found a similar pattern of cellular infiltra-
tion in the dermis of all irritant groups; the densities of most 
of the cell types rising in line with the intensity of inflamma-
tion. Within the epidermis, however, there were marked 
differe~ces in the patterns of cellular infiltration between the 
O ne of the most conspicuous histologic features of chemically induced inflammation in the skin is the infiltration and accumulation of white blood cells at the site of injury, which for many years investi-gators have attempted to identify and characterize, 
both to gain a greater insight into the mechanisms of the inflamma-
tory reaction and for diagnostic purposes. 
The studies so far undertaken have given conflicting results with 
regard to the inflammatory cell types predominating in irritant con-
tact dermatitis (ICD) lesions. Early investigations described a pre-
ponderance of polymorphonuclear leukocytes in the skin at most 
time periods after the application of the irritant, with mononuclear 
cells, although increased in number, generally in the minority [1-
3]. In later publications this trend was reversed and mononuclear 
cells, defined by immunocytochemical labeling as predominantly 
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irritant groups, leading to poorer correlations between leu-
kocyte density and visual grading. The greatest disparity oc-
curred between croton oil and nonanoic acid biopsies, the 
former being characterized by the influx oflarge numbers of 
leukocytes, the latter showing remarkably little exocytosis. 
Infiltration of neutrophils occurred to varying degrees with 
all irritants, but a disproportionately large number were 
present in sodium lauryl sulphate biopsies. All control groups 
showed a rise in CD4 + cells, with distilled water also pro-
ducing increases in CDllc + cells and neutrophils. A selec-
tive influx of CD25 + cells occurred in the epidermis of both 
irritant and control groups. Our observations further high-
light the heterogeneous nature of irritant contact dermatitis, 
and confirm previous findings that visually negative control 
patch tests show marked cellular reactivity. Key words: Iym-
phocyte/neutrophil/Langerhans cell/interleukin-2 recep-
tOLl Invest DermatoI101:364-370, 1993 
CD4 + cells, with an accompanying admixture of macrophages, 
CD8 +, and CD 1 a + celis, were described as being the most preva-
lent [4-9]. 
The discrepancies seen in the nature of the cellular infiltrate 
present in ICD may be due to a number of reasons. Principal 
amongst them is interspecies variation, and this is supported by the 
fact that the early studies were conducted mainly in guinea pigs, in 
contrast to the later studies, which were carried out in humans. 
Another important factor is the chemical nature of the irritant itself, 
which, as we have demonstrated in previous publications, pro-
foundly affects the changes seen in the epidermal cells [10-13] . The 
mechanisms by which irritants damage the different components of 
the skin vary according to their molecular structure and physico-
chemical properties* and if this subsequently leads to the production 
and release of different inflammatory mediators, it would perhaps 
not be surprising to see variations in the composition of the re-
sponding cellular infiltrate . 
To explore this concept further, a detailed immunocytochemical 
analysis of the inflammatory cells in the epidermis and dermis of 
biopsies taken from 48-h patch test reactions to six structurally 
unrelated irritants was undertaken. A range of monoclonal antibod-
ies was used to identify the major phenotypic classes of inflamma-
tory cells present and to provide information regarding their ex-
pression of certain functionally related antigens, such as HLA-DR 
• Bjornberg A: Skin reactions to primary irritants in patients with hand 
eczema. An investigation with matched controls (MD thesis). Goteburg, 
Oscar Isaacsons Trycker, 1968. 
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Table I. Details of the Monoclonal Antibodies Used to Characterize the Cellular Infiltrate 
Antibody 
Anti-Leu-3a + 3b 
Anti-Leu-2a 
Anti-Leu-M5 
OKT6 
Anti-Leu-12 
Anti-Leu-7 
Anti-neutrophil elastase 
DAKO-DRC-l 
Anti-interleukin-2 receptor 
DAKO-HLA-DR 
DAKO-Ki-67 
Predominant Reactivity 
T helper/ inducer cells 
T cytotoxic/suppressor cells 
Macrophages, monocytes 
Langerhans cell s, indeterminate 
dendritic cells 
B lymphocytes 
NK cells, T cell subsets 
Neutrophils 
Dendritic reticulum cells 
Activated T cells 
Macrophages, B cells, activated T cells, 
Langerhans cells 
Proliferating cells 
(late G" S, M, G2 phases) 
and the interleukin-2 receptor (CD2S) . Quantification of each cell 
type was per.formed to obtain an objective assessm~nt of its rela.tive 
significance 1I1 the overall response and also to faCIlitate comparISon 
between the different irritants. Furthermore, the cell numbers ob-
tained were examined not just in re lation to the irritant itself, but 
also with respect to the intensity of the inflammatory response, as 
judged by clinical appearance. 
MATERIALS AND METHODS 
Patch Testing The biopsies used were identical to those described in our 
previous publications [10-13] . Ten healthy, non-atopic, male volunteers 
with no past or present history of skin disease participated in the study. Each 
received 8 mm Finn chambers containing the following six irritants (15 
JlI/chamber for solutions; 25 mg/chamber for semi-solids) on the volar 
aspect of the forearm, the concentrations of the chemicals having been 
determined 111 an earher pilot study [14] : 5% (w/v) aqueous sodlUm lauryl 
sulphate (SLS), 0.5% (w Iv) aqueous benzalkonium chloride (Be), 0.8% 
(w /w) croton oi l (CO) in yellow soft paraffin. 0.02% (w /w) dithranol in 
yellow soft paraffin (YSP). 80% (v Iv) nonanoic acid (NAA) in propan-1-o1 , 
100% propylene glycol (PG). In addition. half of the volunteers were patch 
tested with the vehicle controls yellow soft paraffill and propan-I-ol , with 
the remaining half being patch tested with distilled water and for occlusion 
alone. 
After 48 h application, the Finn chambers were removed and 1 h later the 
intensity of inflammation visually assessed and graded as 0 (negative), 0.5 
(very mild or patchy erythema), 1 (mild erythema with oedema), 2 (moder-
ate erythema with oedema), or 3 (severe erythema, oedema and vesicula-
tion). Punch biopsies (4-mm diameter) were then taken from each patch test 
site, with an additional sample of normal skin from an area adjacent to the 
Finn chambers being removed from each volunteer. Skin samples were then 
processed immediately for microscopy. Approval for the study was obtained 
fro m the Wycombe District Research Ethics Committee and all volunteers 
gave informed, written consent. 
Immunocytochemistry The biopsies were embedded in OCT com-
pound (Miles Scientific, Naperville, IL). snap frozen, and stored in liquid 
nitrogen. Vertical frozen sections (4 Jlm) were cut at - 25 0 C and air dried 
overnight at room temperature on 0.01 % poly L-Iysine (Sigma Chemical 
Co. Ltd., Poole, Dorset, UK)-coated slides. Following fixation in acetone 
fo r 10 min at room temperature, the sections were immunolabeled with the 
monoclonal antibodies described in T able I. Primary antibody controls in-
cluded buffer alone, and inappropriate subclass-specific antibodies (anti-
TSH for IgG t ; anti-CEA for IgG",,) . Antibody/antigen reactions were visu-
alized using an avidin-biotin peroxidase technique (Vectastain ABC kit, 
Vector Laboratories, Peterborough, UK), with 3'-3-diaminobenzidine as 
chromogen. To obtain satisfactory estimates of ce ll numbers, between three 
and five sections, taken from different areas of each sample, were immunola-
beled with each monoclonal antibody. 
Quantification of Inflammatory Cells T he density of each cell type 
was calculated on a linear epidermal basis and expressed as the number of 
cells/mm of epidermis. This was considered to be more appropriate than an 
epidermal or dermal area basis because the majority of infiltrating ce lls in 
Antigen C luster 
CD4 
CD8 
CDl1c 
COla 
CD19 
CD25 
Dilution 
1 : 10 
1: 20 
1:20 
1:50 
1: 20 
1 :20 
1: 100 
1:50 
1:10 
1 : 50 
1:50 
Source 
Becton Dickinson (Oxford, U.K.) 
Becton Dickinson 
Becton Dickinson 
Ortho Diagnostic Systems Ltd. 
(High Wycombe, U.K.) 
Becton Dickinson 
Becton Dickinson 
DAKO Ltd. (High Wycombe, U.K.) 
DAKO Ltd. 
Becton Dickinson 
DAKO Ltd. 
DAKO Ltd. 
ICD samples are present in the upper dermal region, and inconsistencies in 
the depth of punch biopsy, which obviously have a marked influence on 
dermal area, are overcome. 
Using an Olympus BHS light microscope at a magnification of X 400, all 
positively stained cells in each sec tion were counted by hand with the aid of a 
hemocytometer, separate counts being obtained for the epidermis and 
dermis with all antibodies except OKT6 and Ki-67, which were quantified 
m the dermis only, studies on the epidermis having been conducted previ-
ously [11,1 3]. The total length of the upper surface of the epidermis (i.e .. the 
mterface between stratum corneum and stratum granulosum) of each section 
was then determined using a MOP3 Digiplan (Reichert Jung, Cambridge, 
UK), IlI1ked by way of a phototube to a Leitz microscope. For each mono-
clonal antl~ody, the re~ults from the different sample areas of each biopsy 
were comb1l1ed to prOVide a mean cellnumber/ mm epidermis. Mean values 
(± SEM) for the den~ ities of the different classes of inflammatory cells 
present 111 the epIdermiS and dermiS of normal skin (n = 10) and each irritant 
(n = 10) and vehicle and occlusion control group (n = 5) were then calcu-
lated. 
300 
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50 
** ** ** * ** ** 
BC SLS CO NAA PO Dith Noml ysp H20 prop oce l 
Irritants (+ contro ls) 
~ Epidermi s 
• Dermis 
* s ignificant increase 
at p<O.05 
Figure 1. Quantification of the overall leukocyte response in the epidermis 
and dermis of irritant and control groups (mean cell density ± SEM). Con-
siderable variabili ty in the pattern of epidermal infil tration, in particular, 
occurred between the different irritants. 
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Table II. Dermal Response-Mean Cell Densities (number of cells/mm epidermis ± SEM in parentheses) 
for Each Irritant and Control Group 
Total Leucocyte CD4+ CD8+ 
Irritant/Control Density T cells T cells 
BC 109.5 (20)' 50.5 (13)' 23.6 (7.5) ' 
SLS 230.5 (66)' 96.6 (21)' 46.3 (19)' 
CO 155 (32)' 74.1 (13)' 27.7 (6.7)' 
NAA 168 (40) ' 67.7 (14) ' 32.9 (10) ' 
PG 112.5 (15)' 47.3 (10)' 26.5 (11) ' 
Dith 176 (27)' 88.9 (15) a 24.9 (3.3)" 
ysp 59 (13) 23.5 (5.4)' 16.1 (5.3) 
H 2O 76.5 (7.8) 33.7 (6.6)' 13.8 (2.3) 
propan-1-01 71.5 (12) 31.9 (9.3)' 15.5 (3.6) 
occlusion 71 (13) 27.2 (9.9)' 11.3 (2.8) 
Normal skin 45.5 (8.3) 14.3 (2.4) 11.7 (1.7) 
• Significant increase (p < 0.05) when compared with appropriate controls. 
Expression of Data and Statistical Methods The Wilcoxon matched 
pairs, signed ranks test was applied to compare the values for each irritant 
group with those of their appropriate vehicle or occlusion control, and to 
compare the values for each control group with those of normal skin (n = 5 
throughout). In addition, the relationships between the dermal and epider-
mal densities of the leukocytes and the intensity of the inflammation at the 
patch test sites (visual grade) were assessed by calculating the mean cell 
densities occurring at each visual grade from 0 to 3 + and applying the 
Spearman rank coefficient of correlation test. 
For the analysis of two of the antibodies that provide functional informa-
tion relating to proliferation and activation, the densities of positively 
Figure 2. Light micrographs of frozen sections immunolabeled with anti -
Leu-M5, which identifies the CD11c antigen. Within the epidermis of the 
ICD biopsies, the pattern of infiltration of inflammatory cells varied greatly 
between the different irritant groups. CO induced the formation of numer-
ous intraepidermal vesicles and microvesicles containing, relative to visual 
grading, a large number of responding leukocytes (Aj, whereas in the reac-
tions to the other irritants (B, dithranol biopsy) exocytotic cells were gener-
ally present as single cell s. The epidermis of NAA biopsies (C) contained 
remarkably few inflammatory cells of any phenotype, despite morphologic 
signs ofkeratinocyte damage and a dermal cellular infiltrate similar to that of 
the other irritant groups (bars, 100 11m). 
CDllc + CDla + CD25 + 
Cells Cells Ncutrophils Cells (0/0) 
20.8 (4.3)' 12.2 (1.2) 3.7 (1.4)" 13.7 (3.0) 
38.8 (11)" 24.5 (6)' 25.1 (16)' 10.7 (2.6) 
32.8 (6.7)' 14.1 (3.7) 9 (2.8) ' 6.2 (1.9) 
42.2 (10) ' 15.7 (2.2) 7.2 (1.7) ' 13.7 (1.7) 
19.9 (3.5)' 16.2 (2.6) 2.6 (0.7)" 12.9 (2.2) 
48.1 (7.7)' 14 (1.5) 9.5 (1 .9)' 9.7 (2.0) 
8.5 (2.7) 11 (2.9) 0.5 (0.2) 7.4 (2.3) 
12.5 (1.6) 13.4 (0.8) 1.7 (1.5)' 14.4 (3.6) 
10.2 (1.7) 13.1 (3.3) 0.1 (0.1) 14.0 (7.1) 
13.6 (2.2) 15.7 (3.2) 0.5 (0.2) 5.9 (2.6) 
9.4 (1.8) 11.4 (2.2) 0.3 (0.1) 10.1 (3.2) 
stained cells were expressed on a percentage basis, as fo llows: CD25 + cells 
in the epidermis and dermis expressed as percent of total lymphocytes 
present (including CD4 + and CD8 + cells); Ki-67 + cells in the dermis 
expressed as percent of total inflammatory cells present (including neutro-
phils, CD4+, CD8 +, CDllc+, and CDla + cells). Statistical analysis was 
then performed using these percentage values (n = 5). 
To assess the overall cellula.r response in each irritant and control group, 
mean values (± SEM) for the total number of inflammatory cells present in 
the epidermis (including neutrophils, CD4+, CD8+, and CDllc+ cells) 
and dermis (including neutrophils, CD4+, CD8 + , CDla +. and CDllc+ 
cells) were calculated and the Wilcoxon matched pairs. signed 
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Table III. Epidermal Response-Mean Cell Densities (number of cells/mm epidermis ± SEM in parentheses) 
for Each Irritant and Control Group 
Irritant Total Leucocyte Density CD4 + Tcells 
BC 29 (4.3) ' 12.4 (4.2)' 
SLS 45 (6.1)' 12.B (1.7)' 
CO 102 (33)' 47.2 (12) ' 
NAA 9 (1.2) 1.6 (0.4) 
PG 29 (7.B)· 10.4 (2.6)' 
Dith 53 {B. 1)' 24.4 (5)" 
ysp 9 (3.1) 3.4 (1.6) 
H 2O 13.5 (3.2) 5.5 (1.4)' 
Propan-l-ol B (4) 3.6 (loB) 
Occlusion B (2.1) 2.7 (0.4) 
Normal 3.5 (0.9) 1.7 (0.4) 
skin 
• Significant increase (p < 0.05) when compared with appropriate controls. 
ranks test and Spearman rank coefficient of correlation test applied in the 
same manner as that described above. p values ofless than 0.05 were consid-
ered to be significant. 
RESULTS 
, Visual Assessment T he majority of the ICD patch test reactions 
were visually graded as mild to moderate, with three severe 3+ 
reactions. Vehicle and occlusion controls were negative on visual 
assessment. 
Overall Cellular Response Within the dermis, the pattern of 
infiltration of responding inflammatory cells was similar between 
, the six irritant groups, with a perivascular accumulation of predom-
inantly mononuclear cells largely confined to the upper papillary 
regions. Statistical analysis showed that there were significant in-
creases in the total number of dermal inflammatory cells in all of the 
irritant groups (all p < 0.05) (Fig 1, Table II) when compared with 
their appropriate vehicle or occlusion controls. 
In contrast to the dermis, the pattern of influx of cel ls into the 
epidermis varied considerably between the different irritants. Cro-
ton oil biopsies were characterized by the formation of numerous 
intraepidermal vesicles and microvesicles containing, relative to vi-
sual grading, a large number of cells of varying phenotype (Fig 2A), 
whereas in the reactions to the other irritants, e.g ., dithranol, exo-
cytotic cells were generally present as single cells (Fig 2B). The 
epidermis of nonanoic ac~d (NAA) biopsies containedremarka~ly 
few inflammatory cells (FIg 2C ), and thIS was reflected III the statIs-
tical analysis, w hich revealed that, although there were significant 
increases in the total number of epidermal infiltrating cel ls in all of 
the other irritant groups (all p < 0.05) (Fig 1, Table III), this was 
not the case with NAA. 
Lymphocytic Response The predominant subs~ts of lympho-
cytes present in the epidermis and dermis of the ICD biopsies were 
CD4+ and CD8+ T cells, with the former almost always in the 
majority. 
Statistically significant increases in CD4 + cells were seen in both 
the epidermis and dermis of five of the six irritant groups (all p < 
0.05), the exception being NAA, which showed an increase in the 
dermis only (p < 0.05) (Tables II and III). All of the four controls 
induced significant increases in dermal CD4+ cell density, when 
compared with normal skin (p < 0.05), whereas distilled water also 
produced an increase in epidermal density (p < 0.05) (Tables IT and 
III). 
The density of CD8 + cell s in the dermis increased signi1i.cantly 
with all irritants (p < 0.05) (Table II). Unlike the CD4 + cell popu-
lation, however, increases in the epidermis were restricted to CO 
biopsies only (p < 0.05) (Table Ill). 
Very few CD19+ B lymphocytes and Leu-7 + natural killer cells 
were seen in any of the biopsies, with no statisticall y significant 
CDB + Tcells CDllc + Cells Neutrophils 
6.0 (2.3) 5.B (1.9) ' 0.3 (0.1) 
4.6 (2. 1) 14.4 (4.4)' 13 (12)' 
15.7 (6.3)' 34.7 (9.9)' 4.2 (2)' 
1.9 (0.4) 1.6 (0.6) 1 (0.3)' 
5.6 (2.1) 7.1 (1.9)' 0.7 (0.4) 
6.7 (1.7) 17.0 (2.2)' 3.1 (0.9)' 
3.3 (1.4) 1.6 (0.5) ' 0.04 (0.04) 
3.5 (1.4) 2 (0.5) ' 0.2 (0.2) 
2.7 (1.4) 0.2 (0.1) 0(0) 
3.0 (1.0) 0.7 (0.3) 0(0) 
O.B (0.2) 0.15 (O .OB) 0(0) 
differences occurring between the irritant groups and their con-
trols. 
Expression of Interleukin-2 Receptor Although there was a 
general increase in the absolute numbers of CD25 + cells in the 
majority of samples, when analyzed on the basis of percent of total 
lymphocytes prese~t, increases were present in the epidermis of the 
vehIcle and occlUSIOn controls only (p < 0.05) (Fig 3). Of the irri-
tants, only NAA produced a significant change, that of a fall in the 
percent of CD25+ cells in the epidermis when compared to the 
propan-1-01 controls (p < 0.05) (Fig 3). 
Mononuclear Cell Response The density of CD11c+ cells in-
creased significantly in both the epidermis and dermis of five of the 
six ir.ritant groups (all p < 0.05) , the exception again being NAA 
reactIons, whICh showed an increase in the dermis only (p < 0.05) 
(Tables II and III). Two of the four controls, YSP and dis-
30 ,-______________________________ -. 
20 
% +'ve 
lymphocytes 
t * * * * 
BC SLS CO NAA PG Dilh Norm ysp H20 prop oeel 
Irri tants (+ controls) 
* significant increase at p<O.05 
t significant decrease at p<0.05 
Figure 3. Bar chart showing the percent of lymphocytes positive for the 
interleukin-2 receptor in the epidermis (mean ± SEM). Significant increases 
were seen in both the control and irritant groups, relative to normal skin. 
However, when compared to their appropriate vehicle controls, five of the 
six irritant groups showed 110 change, whereas N AA induced a decrease in 
the epidermis. 
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Figure 4. Bar chart sho,,:",ing the expres.sion of HLA-DR by cells in ~h e 
epidermis (mean cell denSIty ± SEM). with the exceptIon ofNAA, whIch 
induced a significant decrease in the number of HLA-DR + cells, all of the 
remaining irritants produced a significant rise in the epidermal density of 
HLA-DR + cells. 
tilled water, produced an increase in the epidermis (p < 0.05) 
(Table Ill). 
Analysis of the density of COla + cells in the dermis revealed a 
statistically significant increase in the reactions to SLS only (p < 
0.05) (Table II). 
None of the biopsies contained any cells positive for the antibody 
against dendritic reticulum cells. 
Expression of HLA-DR The majority of the immune-asso-
ciated cells comprising the infiltrate in the dermis were HLA-DR + 
and, given their close proximity to each other, it proved to be 
too difficult to accurately quantify the large numbers present. 
Within the epidermis, however, the cells were more discreetly 
positioned and quantification of these on an absolute cell number 
basis indicated that there was an increase in the number of HLA-
DR + cells in all of the irritant groups (all p < 0.05), with the 
exception of NAA reactions, in which there was a decrease (p < 
0.05) (Fig 4). 
Neutrophil Response Very few neutrophils were present in the 
epidermis or dermis of normal skin and three of the four control 
groups, the exception being distilled water, which showed an in-
crease in the dermis (p < 0.05) (Tables II and III). In the responses 
to the irritants, significant increases in both the epidermis and 
dermis were seen with SLS, CO, NAA, and dithranol (all p < 0.05), 
whereas BC and PG induced increases in the dermis only (p < 0.05) 
(Tables II and IV). Disproportionately high numbers ofneutrophils 
for the visual degree of inflammation were present in the SLS biop-
sIes. 
Proliferating Dermal Cells Only very few cells within the 
dermis of any of the biopsies stained positively with Ki-67 (approxi-
mately 1 - 3% of total dermal cells), and there were no statistically 
significant differences between the irritant groups and their con-
trols. 
Stacking graphs summarizing the densities of the major inflam-
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Figure 5. Dermal response. Stacking graph showing the relative propor-
tions of the various infiltrating leukocytes in the dermis of the irritant and 
control groups. Similar patterns of infiltration were present in this area of the 
skin. 
matory cells comprising the illfiltrates in the epidermis and dermis 
are given in Figs 5 and 6. 
Relationship Between Leukocyte Density and Visual 
Grading The results for the Spearman rank coefficient of corre-
lation tests are given in Table IV. 
Relationship Between the Expression of Functional Anti-
gens and Visual Grading There was no significant correlation 
between the density of CD25 + cells and the intensity of inflam-
mation within the epidermis, unlike the findings for the dermis 
(Table IV). HLA-DR + cells did, however, show an increase in 
density in Line with the severity of the response in this region 
(Table IV). 
DISCUSSION 
Analysis of the leukocyte populations in the ICD biopsies revealed a 
pattern of dermal infiltration that was largely irritant independent. 
Cell densities generally rose in line with the intensity of inflamma-
tion induced by the chemical, suggesting a gradual rise in the con-
centration of inflammatory mediators and chemoattractants in the 
dermis with increased cellular damage and irritation. Within the 
epidermis, however, markedly different patterns of cellular infiltra-
tion occurred between the irritant groups, there being correspond-
ingly poorer correlations between inflammatory cell densities and 
visual grading. This implies that there may be qualitative differ-
ences in mediator release according to the chemical nature of the 
irritant applied. 
The greatest disparity in epidermal infi ltration occurred between 
CO and NAA, the former inducing very large numbers of leuko· 
cy~es into the epidermis, the latter remarkably few. A possible ex-
planation for the observed response to CO centers on one of its 
constituents, 12-0-tetradecanoy I phorbol-13-acetate, a phorbol 
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Figure 6. Epidermal. response. Stacking graph showing tl~e relati~e .pro-
portions of the major 1I11lammatory cell types 111 the epidermis of the rrntant 
and control groups. The considerable variation in the pattern of infiltration 
between the irritant groups is clearly seen. 
ester known to possess potent inherent chemotactic properties for 
leukocytes, as well as the ability to directly induce the production 
and secretion by keratinocytes of a number of immunomodulatory 
cytokines [15 -18]. Furthermore, 12-0-tetradecanoylphorbol-13-
acetate is capable of directly inducing the expression of the intercel-
lular adhesion molecule-1 (ICAM-l) by keratinocytes, an event that 
may well result in the promotion of leukocytes into the epidermis 
[19]. . f . fl II ' h' I 'd . f The paucIty 0 JI1 ammatory ce s WIt JI1 tIe epl ermls 0 
NAA patch test biopsies was an unexpected finding, in view of 
there being distinct morphologic signs of keratinocyte damage 
in these samples [10] and a cellular infiltrate of more typical den-
sity in the dermis. The pharmacologic effects of NAA are as yet 
unknown, but it is possible that this long-chain fatty acid induces 
the localized release of immuno-inhibitory factors, rather than, or 
in greater quantity than, pro-inflammatory mediators and chemoat-
rractants. 
The .analysis of the cellular responses to the remaining four irri-
tants revealed patterns of cutaneous infiltration which varied to a 
lesser extent than those seen with either CO or NAA. However, 
there were still some important distinctions between them. The 
anionic detergent, SLS, induced a much greater influx of neutro-
phils into both the epidermis and dermis than the other chemicals 
tested, perhaps as a result of its intrinsic ability to act as a chemoat-
tractant for these cells [20] , which would almost certainly add to the 
influence of the chemotactic inflammatory mediators released as a 
result of its action on keratinocyte membranes and other epidermal 
and dermal components [21]. t SLS was also unique among the 
irritants tested in producing a rise in the density of CDla + cells in 
the dermis, again perhaps because of its inherent chemotactic prop-
t Godessart N, Puig L, Alomar A, Vila L: Sodium lauryl sulphate stimu-
lates the metabolism of endogenous arachidonic acid in epidermal cell sus-
pensions (abstr). COlltact Dermatitis 23:235 , 1990 
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~rties. When these same cells, which include the antigen-present-
l~g L~ngerhan~ ce~ls, were quantified in the epidermis of these ICD 
b~opsles [11]. slgl11ficant decreases were found in the responses to 
~Ithranol and N.AA only. This diminution was particularly striking 
JI1 patch tests WIth the latter, but it was unclear whether the fate of 
the CDla + cells was one of death within the epidermis and subse-
quent re~oval, or active migration into the dermis and possibly the 
lymphatics, as takes place 111 allergiC contact dermatitis reactions 
[22]. From the results seen here in the dermis, in which there was no 
apparent increase in cell number with either NAA or dithranol it is p~~haps more likely that the former is the case. However, the p~ssi­
bJiltythat these cells lose their CDla antigen expression within the 
derrms or, alternatively, leave the skin earlier than 48 h after irritant 
exposure, cannot be discounted. 
· C~ange~ i~ the density of inflammatory cells were apparent not 
Just 111 the untant biopsies, but also in those taken from the vehicle 
and o~c1usion p~tch tests, all of which were judged visually to be 
negative. There IS a growing body of evidence that patch testing per 
se profoundly affects many aspects of the normal physiology of skin 
(23]. and it is not surprising, therefore, that a low level ofleukocyte 
1I1filtratlon w~s se~n, in keeping with the concept of a stereo typic 
pathway of mIgration for both positive and negative patch tests [24]. 
One of ~he most interesting findings with these controls, however, 
vo.:as the 1I1crease i~ the percent oflymphocytes bearing the interleu-
b~I-2 recepto~ Within the epidermis, when compared to normal 
sk1l1 . Such an. JI1crease was also seen in the irritant groups relative 
to I~ormal Sklll, but .not wh~n ~ompared with their appropriate 
vehIcle controls. TI1IS selective 1I1flux of CD25 + cells into the 
epidermi~ ~as be~n reported previously [25] but it remains unclear 
wh.ethe~ It ~s attnbutable to preferential migration or selective acti-
vation III ~/tll. <?n.e of the cytokines capable of upregulating the 
CD25 ant.lgen IS 1I1terleukin-l [16] and it is possible that simple 
patch test1l1g alone causes sufficient disturbance to keratinocyte 
and/or Langerhans cell function to lead to the localized release of 
interleukin-l. 
· Ana~ysis of ~he expression of HLA-DR indicated that the major-
Ity of lIlfiltrat1l1g cells within the dermis of both the control and 
irrit~nt groups were activated, a finding in agreement with other 
published reports [8,9]. In the epidermis, where quantification was 
performed, the number of HLA-DR + cells increased in five of the 
six irritant groups, the exception being NAA biopsies, which 
sho~ed a s~atistically signifi~ant decrease, accounted for by the dra-
~~tlC fall JI1 num~ers of.epldermal CDla + cells induced by this 
Irritant [11], comb1l1ed With the very small degree of infiltration of 
other cells capable of bearing the HLA-DR antigen, namely mac-
rophages and activated T cells. ' 
Finally, immunolabelling with the Ki-67 antibody, which recog-
nize~ a nuclear ~rolifer~tion atl~igen, revealed that very few cells 
(~3 Vo) were actively dlVld1l1g 111 the dermis, with no significatlt 
differences between any of the groups. Although this result varies 
from that of Avnstorp et al [9] in which 20-50% of dermal cells 
were Ki-67 + in .30% ~f SLS reactions, it supports the findings of 
L~c.h~pel~e [26], 111 :vhlch only about 0.6% of cells were actively 
dlvldll1g JI1 ICD leSIOns. Hence, even with those initants that in-
duce large numb~rs of cells into the skin, their recruitment appears 
to come predom1l1antly from the circulation rather than from pro-
liferation in situ. 
· In summary, this study has revealed some important differences 
111 the patterns of cellular response induced in human skin by 
strucrurally unrelated irritants. The fact that these variations oc-
curred predominantly in the epidermis is significant, because this 
area ~las bee~ .s~o:vn in recent years to play an extremely active 
part 111 the 1111t1atlOn and perpetuation of inflammation induced 
by both irritants and allergens. The relative importance of the 
plethora of mediators that may be involved in chemically induced 
inflammation remains to be elucidated, but the results of this 
s~dy str~:>J1gly suggest tl:at there will be qualitative and quan-
titative differences accord1l1g to the chemical nature of the irritant 
applied. 
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Table IV. Results of the Spearman R~nk Coefficient of Correlation 'T~sts {r} Carrie.d Out to Investigate t?e Relationship Between 
the Intensity of Inflammation (visual grade) and the Densltles of the Major Leukocyte Populations Present 
in the Epidermis and Dermis (N = 80) 
Total Leucocyte CD4+ CD8+ COlle + 
Density T cells T cells Cells 
Epidermis 0 .51 0 ' 0.483' 0.224b 0.618' 
Dermis 0.769' 0.694' 0.454' 0 .626' 
• Significant correlation (p < 0.001) 
• Significant correlation (p < 0.05). 
, Significant correlation (p < 0.01) . 
We would like 10 thank all tile vo/lllliem who took part itl III is study arId Mrs. Brigid 
NOll for her excel/mt secretarial assistance. 
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